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In this paper, the current-voltage characteristics of a double-gated monolayer armchair graphene na-
noribbon ﬁeld-effect transistor (DG-AGNRFET) is investigated by introducing a Stone-Wales (SW) defect. 
After changing positions of the defect in width and length of the channel, it is found that the SW defect de-
creases off current and leads to the further reduction of the off current as the defect moves to the edge. 
However, this defect has not shown a notable impact on the on current. The results have conﬁrmed the 
possibility of controlling the electron transport of the DG-AGNRFET by defect engineering can be useful to 
extend the applications of graphene nanoribbon-based devices. The device has been simulated based on the 
self-consistent solution of a 3D Poisson-Schrödinger equation using non-equilibrium Green's function 
(NEGF) formalism. 
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1. INTRODUCTION 
 
Defects in graphene caused by a crystalline disorder 
without the presence of foreign atoms like impurities 
are known as intrinsic defects and usually categorized 
based on different dimensionalities [1, 2]. We have four 
defect types namely zero, one, two and three dimen-
sional intrinsic defects. The zero dimensional defects 
i.e. point defects are the most possible defects because 
of their low formation energies [1, 2]. Stone-Wales de-
fect, vacancies, and adatoms are some of the conspicu-
ous point defects commonly observed in monolayer and 
bilayer graphene [2-5]. 
A typical Stone-Wales (SW) defect involves an in-
plain 90º rotation of a carbon-carbon bond in the honey-
comb structure of a graphene sheet [6]. This process is 
accompanied with a structural relaxation until the 
change in total energy and forces on carbon atoms be-
come less than 10 – 4 eV and 10 – 3 eV/Å respectively [7]. 
As matter of fact, it is found that such a dislocation 
experimentally can be created by irradiation, chemical 
treatments and during a rapid quench from high tem-
perature [8-11]. 
Several studies have reported for the fundamental 
understanding of the electronic properties of the gra-
phene including the SW defects. For example, Kvashnin 
et al. show that the effect of partial passivation on gra-
phene nanoribbon (GNR) surface with a SW defect [7]. 
Zhao et al. present transport properties of a defected 
armchair GNR using spin-dependent calculations [12]. 
Up to now, there a few studies related to the I-V 
characteristics of the GNRFET including the SW de-
fects. However, resent investigations are mainly devot-
ed to phenomenological aspects of the defected GNR 
channel with small dimensions or GNRFETs with ran-
domly distributed SW defects [7, 12-14]. So, this work 
intends to address the impact of the SW defect on I-V 
characteristics along and across the GNR channel in 
regular dimensions. 
The rest part of the paper is organized as follows: 
Section 2 presents device configuration and computa-
tional methods applied in simulations. Section 3 shows 
simulation results for the presented structure. It is also 
shown that SW defects influence on carrier transport in 
the DG-AGNRFET. Finally, Section 4 expresses results 
and prospects. 
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Fig. 1 – Simulated device structure (a), pristine graphene (b), 
a typical exploration of the SW defect (c) 
 
2. APPROACH 
 
The schematic diagram of the DG-AGNRFET is 
shown in Fig. 1a. A 10 nm long AGNR is used as a 
transistor channel and source/drain contacts include 
the doped n-type extensions of the AGNR channel. Two 
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Fig. 2 – Drain current ID versus gate voltage VG characteris-
tics for the DG-AGNRFET and defected DG-AGNRFET at 
different defect positions along the channel length when the 
drain bias VD is 0.5 V 
 
gate contacts are separated from nanoribbon by two 
oxide layers with a relative dielectric constant 3.9ɛ0 
where ɛ0 is the permittivity of vacuum. The oxides are 
made of SiO2 and have 1.5 nm thicknesses. Stone-
Wales (SW) defect consisting of a 90 in-plane rotation 
in each carbon-carbon bond is shown in Fig. 1b and 1c. 
In graphenic systems, the SW defect formation energet-
ically is more favorable than that in carbon nanotubes 
and it has the lowest transformation energy among all 
intrinsic defects [15, 16]. The effects of SW defects in 
the both length and width directions of channel are 
studied in the simulated structure. Three different po-
sitions of the SW defects in the channel length and 
width are considered. These three positions in the 
channel length are ‘near source’, ‘mid-channel’ and 
‘near drain’. Also, three positions in the channel width 
are ‘near edge’, ‘in-between’ and ‘center’ and we consid-
er the distribution of SW defects in the channel based 
on these positions.  
 All calculations required for quantum transport are 
performed using fully self-consistent tight binding 
model which is combined with non-equilibrium Green 
function formalism (NEGF) [17-21]. Advanced Green 
function of the channel between the source and drain 
regions can be calculated as follows: 
 
 
 
1
T s dG = E+ iη I H U Σ Σ

      , (2.1) 
 
in which ∑s and ∑d are the self-energies describing the 
coupling between the device and source and drain re-
gions, respectively. HT is the tight-binding Hamiltonian 
matrix of the AGNR channel, which can be assessed 
with a tight-binding model [22]. U is self-consistent 
potential matrix and η is infinitesimally small quanti-
ty. Poisson equation simulates electrostatic potential 
distribution across the channel. Electrostatic potential 
U is obtained by solving the Poisson equation under 
Dirichlet boundary condition along the transport direc-
tion and Neumann boundary condition at the other 
boundaries. The Poisson equation is as follows: 
 
 2 ,
q
U = ρ
ε
   (2.2) 
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Fig. 3 – Conduction band proﬁle Ec (eV) (a) and energy-
resolved current spectrum J (A/eV) at the OFF state in three 
positions of the SW defect along the channel length (b) The 
reference energy level in the channel is set to be at the aver-
age of source and drain Fermi levels 
 
where ɛ is dielectric constant and ρ is charge density. 
The charge density is determined by solving Schröding-
er equation using the NEGF formalism. 
Consequently, the transmission probability of carri-
ers through the device can be written as: 
 
   r as D d DT E = Trace Γ G Γ G   , (2.3) 
 
where 𝜞s/d  i(∑s/d-∑s/d†)  is coupling between the contact 
of source/drain and device. GrD and GaD show advanced 
Green's function for the device region, which follows 
the relationship of Ga  [Gr]† [23]. 
Electrical current is calculated through transmis-
sion spectrum and applying Landauer-Butiker equation 
[17]: 
 
      s d
q
I = T E f E μ f E μ dE
h
     , (2.4) 
 
where T(E) is probability of passing of an electron with 
energy E through channel. q is electron charge, h is 
Planck constant and f(E – s(d)) is Fermi-Dirac distribu-
tion of carriers in contacts at chemical potential s(d). 
All geometric nanostructures become relaxed so that  
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Fig. 4 – Conduction band proﬁle Ec (eV) (a) and energy-
resolved current spectrum J (A/eV) (b) at the ON state in 
three positions of the SW defect along the channel length; The 
reference energy level in the channel is set to be at the aver-
age of source and drain Fermi levels 
 
atomic forces can’t exceed 10 – 3 eV/Å and calculations 
are carried out at temperature T  300 K. 
 
3. RESULTS AND DISCUSSION  
 
Fig. 2 shows the transfer characteristics of the DG-
AGNRFET in the presence of the SW defects in three po-
sitions along the channel length. For a fair comparison, 
the minimum current of the ideal structure is selected to 
be off current where gate voltage approximately is 0.25 V 
and the ON state is calculated by adding supply voltage 
(here, VDD  0.5 V) to the OFF state. It is shown that the 
SW defect along the channel has no considerable effect on 
both the on and off currents. However, there is a little 
movement in the Dirac points of the curves in which elec-
tron and hole conductions are met. 
The conduction band proﬁle and energy-resolved 
current spectrum for all structures along the channel 
position are shown in Figs. 3 and 4. Although the 
transport window in the OFF state (from − 0.15 to 
0.07 eV) is located within variations of conduction band 
profile, the overall off current due to low current densi-
ty has not shown remarkable changes. The transport 
window in the ON state is far from the edge of conduc-
tion band profile. So, the on currents remain the same 
in three defect positions.  
 
 
Fig. 5 – Drain current ID versus gate voltage VG characteris-
tics for the DG-AGNRFET and defected DG-AGNRFET at 
different defect positions across the channel width when the 
drain bias VD is 0.5 V 
 
Fig. 5 shows the transfer characteristics of the DG-
AGNRFET in the presence of the SW defects in three 
positions across the channel width. The SW defect de-
creases the off current and this reduction becomes more 
obvious as the defect moves to the edge although these 
defects have no impact on the on current (see Fig. 6 
and 7).  
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Fig. 6 – Conduction band proﬁle Ec (eV) (a) and energy-
resolved current spectrum J (A/eV) (b) at the OFF state in 
three positions of the SW defect across the channel width; The 
reference energy level in the channel is set to be at the aver-
age of source and drain Fermi levels 
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Fig. 7 – Conduction band proﬁle Ec (eV) (a) and energy-resolved current spectrum J (A/eV) (b) at the ON state in three positions 
of the SW defect across the channel width. The reference energy level in the channel is set to be at the average of source and drain 
Fermi levels 
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Fig. 8 – LDOS at the OFF state for DG-AGNRFET (a) and defected DG-AGNRFET at different defect positions across the channel 
width (i.e. center (b) in-between (c) near edge (d)); In the white regions, the LDOSes are very high and those decrease as the re-
gions become darker 
 
In order to address the reason why the off current 
demonstrates noticeable reduction when the defect ap-
proaches the ribbon edge, the carrier transport behav-
ior is assessed by local density of states (LDOS) profile. 
As shown in Fig. 8, the LDOS profile is illustrated for 
the ideal structure and the defected structures in three 
different positions across the channel width. In the 
vicinity of the edges of conduction and valance bands, 
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there are some localized states leading to electron-hole 
puddles in these regions. The brightness and area of 
the regions tends to be increasing as the defect moves 
to the ribbon edge. Generally, the results based on on-
off current ratio can be summarized in Table 1. This 
value in the ideal structure is about 14.5. It is noted 
that the values in the table are normalized to that in 
the ideal DG-AGNRFET for indicating the percentage 
of improvements. As can be seen, the smallest and 
largest values are respectively devoted to the DG-
AGNRFET with a SW defect near the source and the 
DG-AGNRFET with a SW defect near the edge. It 
would be expected that SW defects located at the posi-
tions near edge and drain-side of the channel are more 
favorable when the on-off ratio is being important.
 
Table 1 – On-off current ratio 
 
DG-AGNRFET Ideal 
Near the 
drain 
Mid-
channel 
Near the 
source 
Center In-between Near edge 
Real values 14.5 14.5 14.5 13.3 14.5 16.5 18.9 
Normalized values 1 1 1 0.92 1 1.14 1.3 
 
4. CONCLUSION 
 
This paper evaluates a SW defect at different posi-
tion along and across the channel. A SW defect is able 
to diminish off current and hence yields better on-off 
ratio. In the best case, defects close to drain are more 
promising. Additionally, there is partial movement of 
the Dirac point when the SW defects are located at dif-
ferent position along the channel. So, it can be found 
that gate engineering for tuning the OFF state can be 
obtained by choosing an appropriate position of SW 
defects rather than metal work function engineering. 
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